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[Name of Document] Specification 

[Title of invention] NERVE REGENERATION-INDUCING TUBE 
[Scope of Claims] 

[Claim 1] A nerve regeneration-inducing tube, comprising: 
a tubular structure (A) made of a biodegradable material or 
bioabsorbable material including therein a sponge-like matrix (B) 
made of a biodegradable material or bioabsorbable material and/or 
a linear nerve inducing channel (C) ; and 

a definite space part formed at one end of the tubular structure 
(A) . 

[Claim 2] The nerve regeneration-inducing tube according to claim 
1, wherein a length of the space part is about 1 to 20 mm. 

[Claim 3] The nerve regeneration-inducing tube according to claim 
1, wherein the biodegradable material comprises a protein, a 
polypeptide, or a derivative thereof decomposed by a decomposing 
enzyme in a living organism, acid, or alkali. 

[Claim 4] The nerve regeneration-inducing tube according to claim 
1, wherein the bioabsorbable material comprises a porous sub^ance^ 
which allows permeation of liquid and gas. 

[Claim 5] The nerve regeneration-inducing tube according to claim 
1, wherein the bioabsorbable material comprises a protein, 
polypeptide, a derivative thereof, polysaccharide or a derivative 
thereof, polylact ic acid, polyglycolic acid, a copolymer of glycolic 
acid and lactic acid, a copolymer of lactic acid and e-aminocaproic 




acid, or aliphatic polyester. 

[Claim 6] The nerve regeneration-inducing tube according to claim 
1, wherein the biodegradable material or bioabsorbable material 
comprises collagen. 

[Claim 7] The nerve regeneration-inducing tube according to claim 
1, wherein the tubular structure (A) is made of a fibrous material. 
[Claim 8] The nerve regeneration-inducing tube according to claim 
7, wherein the fibrous material comprises a short fiber, long fiber, 
filament, floe, textile fabric, or non-woven fabric. 
[Claim 9] The nerve regeneration-inducing tube according to claim 
1, wherein the sponge-like matrix (B) comprises a collagen sponge. 
[Claim 10] The nerve regeneration-inducing tube according to claim 
1, wherein the nerve-inducing channel (C) is formed by at least 
one fiber which is inserted into the tubular structure (A) in a 
longitudinal direction . 

[Claim 11] The nerve regeneration-inducing tube according to claim 
1, wherein the nerve-inducing channel (C) is formed by at least 
one hollow fiber in the tubular structure (A) in the longitudinal 
direction . 

[Claim 12] The nerve regeneration-inducing tube according to claim 
1, wherein the nerve-inducing channel (C) penetrates through the 
sponge-like matrix (B) . 

[Claim 13] The nerve regeneration-inducing tube according to claim 
1, wherein the nerve-inducing channel (C) comprises a fiber or hollow 



fiber. 

[Claim 14] A method of using the nerve regeneration-inducing tube 
according to claim 1, comprising: 

suturing an end of a central nerve inserted into the space part 
with the tubular structure (A) ; and 

suturing an end of a peripheral nerve with the end portion devoid 
of the space part of the tubular structure (A) by means of a bio 
suture . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to a nerve regeneration-inducing 
tube. More particularly, the present invention relates to an 
instrument for regenerating a human tissue or organ, for example, 
a nerve fiber or a micro blood vessel, which was cut due to lesion 
or injury. 

[0002] 

[Background of the Invention] 

In a case where a human tissue or organ such as a nerve or 
tendon is injured owing to an accident, disaster, or disease and 
the injury cannot be cured by self -recovery of a patient, a disorder 
occurs in perception, sensation, mobility, or the like. For such 
a patient, with the development of a technology for connecting injured 
areas under a microscope in recent years, therapeutics such as 



surgical suturing for connecting cut portions or nerve 
autotransplantation, by which a nerve or tendon of a patient himself 
or herself biopsied from another part of the body is transplanted 
to recover the lost function, has been effective. 
[0003] 

However, when the injured region is too large, restoration 
by the above-mentioned connection is impossible and it has been 
necessary to obtain a nerve from another location where a disorder, 
if any, could be believed to be less important than the disorder 
of the injured area of concern and transplant it to the injured 
area. In this case, although the disorder is less important than 
the disorder at the portion where injury first occurred, the nerve 
at another location that has received no injury and is healthy is 
biopsied, resulting in a disorder in perception, sensation, or 
mobility being generated at that location. 

There may be mentioned one including, first, a biopsy of a 
sura nerve and then transplanting of the nerve to an injured location . 
In this case, the problem is that usually skin sensation, etc. of 
the area from ankle to instep is lost. 

Accordingly, there has been a keen demand for a therapeutic 
method that enables restoration of an injured area without causing 
any impediment to another area (ankle, etc.). 
[0004] 

Various studies have been made with a view to recovery of 



original functions by forming a footing for the proliferation of 
a nerve cell using an artificial instrument in an injured area to 
regenerate the nerve. 

For example, attempts have been made to regenerate a nerve 
by using a tubular structure made of a bioabsorbable material which 
prevents foreign matter from remaining in the human body (refer 
to Non-Patent Document 1) . 
[0005] 

Although some cell proliferation is observed at both ends of 
the cut nerve when only the tubular structure is used, recovery 
by re-grafting the cut nerve has been difficult. The reason for 
this is that when cells proliferate/ generally they adhere to the 

4 

footing of the tubular structure and proliferate in such a direction 
that they cover the cut portion but mere covering of the cut portion 
leaves a gap between the cut ends and the proliferation of cells 
is suspended before the cells completely fill the cut portion. 
[0006] 

Then, various attempts have been made to regenerate a nerve 
by forming a footing for inducing the proliferation of a nerve cell 
inside the tubular structure made of a bioabsorbable material. For 
example, an attempt has been made in which a bundle of collagen 
fibers is inserted into the tubular structure and coated with 
fibronectin (FN) (refer to Patent Document 1, Non-Patent Document 
2) . 
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[0007] 

However, since the end portion of the tubular structure is 
sutured with the nerve, the end portion of the above nerve 
regeneration-inducing tube is easily ruptured at a sutured portion 
and the nerve regeneration-inducing tube may be eliminated from 
the nerve during treatment. Since the end portion of the nerve is 
merely sutured with the end portion of the inducing tube, the nerve 
may erroneously grow to the outside of the tubular structure from 
a gap in the sutured portion. A cell other than the nerve cell may 
enter the inside of the tubular structure to block the growth of 
the nerve cell. 
[0008] 

Therefore, an attempt has been made to regenerate a nerve by 
using a nerve regeneration-inducing tube having a space part for 
accepting a nerve at both ends (refer to Patent Document 2) . 
[0009] 

However, in this case, after the nerve regeneration-inducing 
tube is cut according to the length of a nerve injured area, a fastening 
sleeve (short tubular structure) must be connected to both ends 
to form a space part for accepting a nerve. 
[0010] 

[Patent Document 1] JP-A 5-237139 
[Patent Document 2] JP 237139 B 

[Non-Patent Document 1] Suzuki et al., "Artificial Organ", 1998, 
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27, 2, p. 490-494 

[Non-Patent Document 2 ] H. Shimada et al . , "Artificial Organ" , 1993, 

22, 2, p. 359-363 

[0011] 

[Problems to be solved by the Invention] 

It is an object of the present invention to provide a nerve 
regeneration-inducing tube in which a nerve is inserted into a tubular 
structure and can be easily sutured and fixed without resort to 
any special instruments or operations, thereby allowing nerve cells 
to efficiently proliferate and grow in the correct direction. 

[0012] 

[Means for Solving the Problems] 

The present invention has been made in view of the above ob j ect . 
It has been found that the above object can be attained by forming 
a definite space part at one end of a tubular structure (A) made 
of a biodegradable material or bioabsorbable material and including 
therein a sponge-like matrix (B) made of a biodegradable material 
or bioabsorbable material and/or a linear nerve-inducing channel 
(C) in a nerve regeneration-inducing tube which has the tubular 
structure (A) . The present invention has been accomplished based 
on this finding. 
[0013] 

That is, according to the present invention, there are 
provided: 
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(1) a nerve regeneration-inducing tube, including: a tubular 
structure (A) made of a biodegradable material or bioabsorbable 
material including therein a sponge-like matrix (B) made of a 
biodegradable material or bioabsorbable material and/or a linear 
nerve inducing channel (C) ; and a definite space part formed at 
one end of the tubular structure (A) ; 

(2) the nerve regeneration-inducing tube according to (1), in which 
the length of the space part is about 1 to 20 mm; 

(3) the nerve regeneration-inducing tube according to (1) , in which 
the biodegradable material is a protein, a polypeptide, or a 
derivative thereof decomposed by a decomposing enzyme in a living 
organism, acid, or alkali; 

(4) the nerve regeneration-inducing tube according to (1) , in which 
the bioabsorbable material is a porous substance which allows the 
permeation of liquid and gas; 

(5) the nerve regeneration-inducing tube according to (1), in which 
the bioabsorbable material is a protein, polypeptide, a derivative 
thereof, polysaccharide or a derivative thereof, polylactic acid, 
polyglycolic acid, a copolymer of glycolic acid and lactic acid, 
a copolymer of lactic acid and e-aminocaproic acid, or aliphatic 
polyester; 

(6) the nerve regeneration-inducing tube according to (1) , in which 
the biodegradable material or bioabsorbable material is collagen; 

(7) the nerve regeneration-inducing tube according to (1), in which 
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the tubular structure (A) is made of a fibrous material; 

(8) the nerve regeneration-inducing tube according to (7) , in which 
the fibrous material is a short fiber, long fiber, filament, floe, 
textile fabric, or non-woven fabric; 

(9) the nerve regeneration-inducing tube according to (1), in which 
the sponge-like matrix (B) is a collagen sponge; 

(10) the nerve regeneration-inducing tube according to (1), in which 
the nerve-inducing channel (C) is formed by at least one fiber which 
is inserted into the tubular structure (A) in a longitudinal 
direction; 

(11) the nerve regeneration-inducing tube according to (1), in which 
the nerve-inducing channel (C) is formed by at least one hollow 
fiber in the tubular structure (A) in the longitudinal direction; 

(12) the nerve regeneration-inducing tube according to (1), in which 
the nerve-inducing channel (C) penetrates through the sponge-like 
matrix (B) ; 

(13) the nerve regeneration-inducing tube according to (1), in which 
the nerve-inducing channel (C) is a fiber or hollow fiber; and 

( 14 ) a method of using the nerve regeneration-inducing tube according 
to (1), including: suturing the end of a central nerve inserted 
into the space part with the tubular structure (A) ; and suturing 
the end of a peripheral nerve with the end portion devoid of the 
space part of the tubular structure (A) by means of a bio suture. 
[0014] 



[Embodiment Mode of the Invention] 

The tubular structure (A) used in the present invention made 
of a biodegradable material or a bioabsorbable material is a tubular 

(hollow) mold, and its cross-sectional shape is not limited to a 
circular shape and may be selected from various shape such as an 
elliptical shape and a polygonal shapes depending on a nerve to 
be regenerated. However, the shape is preferably circular. The 
tubular structure (A) serves to secure a space part for nerve to 
regenerate from the infiltration of the surrounding tissue. The 
tubular structure (A) of the present invention is preferably, for 
example, a tubular structure constituted by a fibrous material made 
of a biodegradable material or bioabsorbable material. Examples 
of the fibrous material in this case include short fibers, long 
fibers, filaments, a floe, a textile fabric, and a non-woven fabric. 
The fiber diameter of the fibrous material is generally about 5 
to 1, 000 pm, and preferably about 10 to 100 pm. In particular, an 
inter-fiber interval of the support (A) is about 0 to 200pm, preferably 
about 0 to 100 pm. 

The outer diameter of the tubular structure (A) is generally 
about 0 . 1 to 50 mm, preferably about 0 . 5 to 25 mm. The inner diameter 
of the tubular structure (A) is generally about 0.05 to 40 mm, 
preferably about 0.3 to 20 mm. 

Preferably, the tubular structure (A) includes a collagen 
sponge and a linear nerve-inducing channel (C) in its lumen portion. 
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[0015] 

In the present invention, one auxiliary means for regenerating 
nerve is a sponge-like matrix (B) , which is constituted, for example, 
by a collagen sponge, a collagen fiber, or the like. The sponge-like 
matrix (B) gives suitable density and footing to cells in the nerve 
which is to be regenerated inside thereof. Also, short fibers, a 
floe, a non-woven fabric, and the like constituted by the collagen 
fiber are expected to have similar effects. 

In the case where the sponge-like matrix (B) is a collagen 
sponge, the collagen sponge layer has a porosity of about 70 to 
99.9%, and preferably about 80 to 99.9%. This collagen sponge may 
have at least one linear nerve-inducing channel (C) so as to penetrate 
therethrough in the longitudinal direction. 
[0016] 

Furthermore, another auxiliary means is a- linear 
nerve-inducing channel (C) which gives directivity of growth to 
a nerve cell being regenerated, to thereby reduce the time required 
for grafting the end of a central nerve to the end of a peripheral 
nerve. The nerve-inducing channel (C) is constituted by a large 
number of long fibers, filaments, a woven fabric, a knitted fabric, 
or a hollow fiber. 
[0017] 

In the present invention, the definite space part formed at 
one end of the tubular structure (A) is a space part having a fixed 
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length from the end portion in the lumen of the tubular structure 
(A) into which the matrix (B) , the nerve-inducing channel (C) , and 
other member are not inserted. Since most nerve cells grow only 
at the end of the central nerve, only the end of the central nerve 
has to be inserted into the tube, and an insertion portion does 
not need to be formed on both sides. The length (depth) of the space 
part is generally about 1 to 20 mm, preferably about 3 to 15 mm. 
[0018] 

The biodegradable material used in the present invention is 
a material that is decomposed by a decomposing enzyme in a living 
organism, acid, or alkali, characterized by being porous to allow 
permeation of body fluid. Examples thereof include proteins such 
as collagen and gelatin, polypeptides, and derivatives thereof. 
Further, the bioabsorbable material is a porous substance which 
allows permeation of body fluid, for example, a protein or a 
polypeptide, or a derivative thereof, a polysaccharide or a 
derivative thereof, polylactic acid, polyglycolic acid, a copolymer 
of glycolic acid and lactic acid, a copolymer of lactic acid and 
e-aminocaproic acid, or an aliphatic polyester such as a lactide 
polymer (see Patent Document 2) . Of those, collagen is particularly 
preferable . 

The origin of collagen used in the present invention is not 
limited and generally examples of its origin include cows, pigs, 
birds, fish, primate, rabbits, sheep, rats, andhumans. The collagen 
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can be obtained from skin, tendon, bone, cartilage, internal organs, 
or the like by various known extracting methods . However, the origin 
is not limited to those specific sites. Furthermore, the type of 
collagen used in the present invention is not limited to a particular 
classifiable type but in consideration of handling, types I, III, 
and IV are preferable . Production of the tubular structure (A) from 
those materials is performed according to a conventional method. 
[0019] 

According to one embodiment of the present invention, there 
is provided a nerve regeneration-inducing tube having a collagen 
sponge with a porosity of about 70 to 99.9 % and at least one linear 
space part formed in the longitudinal direction of the inside of 
a tubular structure (A) which has an outer diameter of about 0.5 
to 20 mm and an inner diameter of about 0.3 to 15 mm and is constituted 
by a bundle of collagen fibers each having a fiber diameter of about 
10 to 100 vim and penetrating through the sponge in the tubular 
structure (A) . 
[0020] 

According to another embodiment of the present invention, there 
is provided a nerve regeneration-inducing tube having a collagen 
sponge with a porosity of about 70 to 99.9 % and a peripheral nerve 
regeneration-inducing channel or spinal nerve 

regeneration-inducing channel formed as a linear inducing channel 
(C) by inserting collagen fibers each having a diameter of about 



5 to 1,000 ym in an amount equivalent to about 5 to 70 % of the 
volume of the lumen portion or a hollow fiber having a diameter 
of about 5 to 1, 000 ym in an amount equivalent to about 5 to 70 % 
of the volume of the lumen portion in such a manner that it penetrates 
through the sponge layer in the tubular structure (A) which has 
an outer diameter of about 0.5 to 20 mm and an inner diameter of 
about 0.3 to 10 mm and is constituted by a bundle of collagen fibers 
each having a fiber diameter of about 10 to 100 ym. 
[0021] 

The manufacturing method of the nerve regeneration-inducing 
tube of the present invention will hereinafter be explained in detail . 

First, as an example of a manufacturing method for a tubular 
structure (A) , a fibrous material, for example, short fibers, long 
fibers, filaments, a floe, a textile fabric, or a non-woven fabric 
is produced from a solution of a biodegradable material or a 
bioabsorbable material, for example, a collagen solution, according 
to a conventional method and then a tubular structure is produced 
from the material. The solvent for dissolving the collagen may be 
any known substance but use of water according to a conventional 
method is preferred. The concentration of the collagen solution 
is 0.1 to 30 wt%, preferably 0.5 to 10 wt%. The extrusion molding 
method for producing a collagen fiber is not particularly limited 
but usually a coagulating liquid is ethyl alcohol and an extrusion 
rate is about 100 to 500 mm/sec. Cooling of the fiber taken out 



from the coagulating liquid may be performed in the neighborhood 
of the degeneration temperature of collagen or lower, i.e. at about 
40 °C or lower, but the temperature preferably is maintained at about 
4 to 20°C. The diameter of the fiber is preferably about 10 to 100 
ym . 

[0022] 

To produce the tubular structure (A) from the fibrous material , 
for example, a continuous fiber produced by spinning of a collagen 
solution can be wound around a tubular substrate having a 
predetermined length to obtain a continuous fiber bundle having 
a uniform fiber direction. By removing the tubular substrate, the 
fiber bundle forms a hollow tubular structure. In the case where 
the tubular structure is used for restoring or regenerating a nerve 
such as a peripheral nerve or a spinal nerve, the tubular structure 
preferably has a suitable wall thickness of about 0.1 to 5 mm, an 
outer diameter of about 0.3 to 20 mm, an inner (lumen) diameter 
of about 0.1 to 10 mm, and any desired length. The diameter of the 
lumen portion depends on the diameter of the nerve to be grafted 
but in particular a range of from about 0.5 to 10 mm is suitable. 
[0023] 

Thereafter, the auxiliary means for regenerating the nerve 
and a definite space part for accepting a nerve are provided in 
the lumen portion of the tubular structure (A) . 

The sponge-like matrix (B) filled in the lumen portion of the 
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tubular structure (A) is formed by: injecting a collagen solution 
into the lumen portion of the support; and subjecting the resultant 
to natural drying, vacuum drying, or freeze vacuum drying. It is 
preferred that the sponge-like matrix (B) be formed uniformly by 
freeze vacuum drying in which the collagen solution is frozen after 
it is filled and dried in vacuum. The concentration of the collagen 
solution is about 0.05 to 30 %. As for drying conditions, after 
the collagen solution is frozen, it is preferably kept at a vacuum 
degree of about 0.08 Torr or less. 
[0024] 

The sponge-like matrix (B) means a state where there is formed 
a porous material having many domains with space parts of a uniform 
or non-uniform size dispersed continuously or discontinuously when 
visually judged or observed under a microscope. The matrix of a 
sponge layer formed in the lumen is produced by varying the 
concentration of the collagen solution used and filling a solution 
having a higher collagen concentration and a decreasing collagen 
concentration in sequence. By adjusting the concentration of the 
collagen solution to be filled, a matrix having layers with different 
space parts can be obtained and various forms of a matrix depending 
on the utility can be formed. When the ratio of the weight of the 
collagen filled in the lumen to the volume of the lumen of the tubular 
structure is expressed as a filling ratio, the filling ratio is 
preferably about 0 . 05 to 30% and, more preferably, the filling ratio 



is about 0.5 to 15%. 
[0025] 

The nerve-inducing channel (C) is preferably formed such that 
it penetrates through the collagen sponge provided in the hollow 
portion of the tubular structure (A) . 

When the nerve-inducing channel (C) is constituted by collagen 
fibers, the diameter of each of the collagen fibers is generally 
about 5 to 1, 000 jam, preferably about 10 to 100 ym. They are preferably 
inserted in an amount equivalent to about 5 to 70 %, preferably 
about 10 to 60 % of the inside volume of the above tubular structure 
(A) . 

When the nerve-inducing channel (C) is constituted by collagen 
fibers, the diameter of each of the collagen fibers is generally 
about 5 to 1, 000 ym, preferably about 10 to 100 ym. They are preferably 
inserted in an amount equivalent to about 5 to 70 %, preferably 
about 10 to 60 % of the inside volume of the above tubular structure 
(A) . 

As an example of the manufacturing method when the 
nerve-inducing channel (C) is a hollow fiber, a tubular or columnar 
temporary substrate is inserted during the molding of the sponge-like 
matrix (B) and the temporary substrate is removed after molding 
to form a tubular gap as the nerve-inducing channel (C) . 
[0026] 

The sponge-like matrix (B) and the nerve-inducing channel (C) 
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are made shorter than the length of the tubular structure (A) . The 
sponge-like matrix (B) and/or the nerve-inducing channel (C) are/is 
arranged in the tubular structure (A) in contact with one end of 
the tubular structure (A) . Thereby, a definite space part for 

■ 

accepting a nerve is formed at the other end. 
[0027] 

The nerve regeneration-inducing tube obtained by the above 
method may be further subjected to any one of various known physical 
or chemical crosslinking treatments as required. The crosslinking 
treatment may be carried out in any stage. That is, the nerve 
regeneration-inducing tube may be composed of a tubular structure, 
matrix, nerve inducing channel , and the like which have been sub j ected 
to various crosslinking treatments, or the nerve 
regeneration-inducing tube may be formed and then subjected to any 
one of various crosslinking treatments. Two or more crosslinking 
treatments may be used in combination and the order thereof is 
arbitrary. This crosslinking treatment can drastically delay the 
degrading and absorbing time when the tube is transplanted into 
a living organism as compared with a case where no crosslinking 
treatment is carried out and improves physical strength. Therefore, 
when the injured area of the nerve is filled or sutured by the nerve 
regeneration-inducing tube, required strength can be maintained 
in the living organism during the time until the regeneration of 
a tissue is completed. 
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Examples of physical crosslinking include crosslinking 
treatments by y~ray irradiation, UV irradiation, electron beam 
irradiation, plasma irradiation, and thermal dehydration reaction. 
Examples of the chemical crosslinking treatment include reactions 
with an aldehyde such as dialdehyde or polyaldehyde, epoxy, 
carboimide, or isocyanate, and a treatment with tannin or chromium. 

The nerve regeneration-inducing tube obtained by the above 
method may be coated with a biodegradable substance. Examples of 
the biodegradable substance include collagen and hyaluronic acid. 

Further, the proliferation ability of a cell can be activated 
by impregnating any one of growth factors, chemicals, and the like. 
[0028] 

The artificial blood vessel of the present invention is 

preferably sterilized by a known method such as y-ray sterilization 
or ultraviolet radiation sterilization before it is used for a medical 
purpose. When collagen is used as a biodegradable material or 
bioabsorbable material, thermal sterilization is not preferred 
because the heat resistance of collagen is low. 
[0029] 

The nerve regeneration-inducing tube of the present invention 
is sutured with a nerve tissue injured in vivo in accordance with 
a commonly used method and left until the nerve tissue is naturally 
cured in vivo. In the present invention, the nerve is the nerve 
tissue of a living organism, particularly preferably the peripheral 



nerve or spinal nerve of a human being. 

Suturing means is an ordinary suture for a living organism 
and used to suture the end of the central nerve inserted into the 
space part with the tubular structure (A) of the inducing tube and 
the end of the peripheral nerve with the end portion devoid of the 
space part of the inducing tube. Since any inserted portion having 
a fixed length from the end portion of the tubular structure (A) 
of the end of the central nerve inserted into the space part may 
be sutured with the tubular structure (A) , a suturing operation 
can be carried out easily as compared with the prior art. In the 
case of a cut nerve, the regeneration of the nerve can be seen simply 
by suturing the nerve regeneration-inducing tube with the end of 
the cut nerve. 

The nerve-inducing tube obtained by the present invention has 
degradability and absorptivity in vivo and on the surface of a living 
organism which are inherent in collagen, is rarely toxic, and can 
be used safely for human beings and animals for medical purpose 
in accordance with a method known per se. 

In the present invention, the nerve regeneration-inducing tube 
has been described. A similar tubular product can be used for other 
application purposes . For example, it can be transplanted in a living 
organism for filling and suturing in the tissue engineering and 
regeneration medical fields as, for example, an artificial windpipe, 
gullet, or ureter. 
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[0030] 
[Examples ] 

The following examples are provided for the purpose of further 
illustrating the present invention but are in no way to be taken 
as limiting. 
(Example 1) 

Enzyme solubilizing collagen was first dissolved in water to 
prepare a 5% aqueous solution which was then extruded into a 
coagulating bath to manufacture a collagen fiber having a diameter 
of about 160 pm. 

The obtained collagen fiber was wound round a cylindrical mold 
made of a polyethylene fluoride fiber having a diameter of about 
2.5 mm. After the resultant was dried, it was impregnated with a 
1% collagen aqueous solution and then with a 5% collagen aqueous 
solution to be coated while filaments wound round the cylindrical 
mold were dissolved. After the collagen fiber was wound, the 
resultant was impregnated with a collagen aqueous solution to form 
multiple layers so as to fabricate a collagen tubular structure. 
Further, a collagen fiber was wound round the outermost layer of 
the tubular structure. After the fiber was wound, the obtained 
tubular structure was subjected to a thermal crosslinking treatment . 
Thereafter, the thermally crosslinked cylindrical body was 
impregnated with a collagen aqueous solution and subjected to a 
thermal crosslinking treatment again. After the tubular structure 



was dried, it was thermally crosslinked to manufacture a collagen 
tubular structure 1 having an inner diameter of 2.5 mm, an outer 
diameter of 3.3 mm, and a length of 5 cm. A collagen fiber bundle 
2 having a length of 4 . 5 cm was inserted into the lumen of the tubular 
structure 1 and a space part 3 having a length of 5 mm was formed 
at one end of the tubular structure 1 (see Fig. 1). A nerve 
regeneration-inducing tube essentially composed of collagen and 
having a structure that the lumen portion included a collagen fiber 
was manufactured. 
[0031] 

(Experimental Example 1) nerve regeneration experiments 

Experiments on the regeneration of a nerve of a dog were carried 
out by using the nerve regeneration-inducing tube manufactured in 
Example 1. The peripheral nerve of the dog was selected as a tissue 
to be regenerated. 

The nerve of the fibula of the dog was cut to prepare a 30 
mm injured area. One end devoid of the space part of the nerve 
regeneration-inducing tube which was subjected to 25 kGy y-radiation 
sterilization was cut to prepare a 35 mm tube piece in accordance 
with the length of the injured area. The length of the space part 
on a side opposite to the cut end was 5 mm. The central nerve of 
the fibula of the dog was inserted into the space part at one end 
of the tube and sutured with and fixed to the end of the tube by 
means of a 10-0 polyamide-based suture at a plurality of locations. 
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The other end of the tube was sutured with and fixed to the cut 
end (peripheral side) of the nerve by means of a 10-0 polyamide-based 
suture at a plurality of locations. 

Since the end portion of the central nerve was inserted into 
the space part of the nerve regeneration-inducing tube manufactured 
in Example 1 with certainty, suturing was able to be carried out 
easily. 30 days after suturing and fixing, the portion sutured with 
the nerve regeneration-inducing tube was taken out to confirm the 
state of nerve generation by hematoxylin-eosin (HE) dyeing. It was 
confirmed that the regeneration direction of the nerve was induced 
in the inducing tube without fail. An outside cell did not permeate 
from a gap in the sutured portion. 
[0032] 

[Effect of the Invention] 

The end portion devoid of the space part of the nerve 
regeneration-inducing tube of the present invention can be cut 
according to the length of the injured area of the nerve during 
an operation to adjust its length easily due to its structure that 
the space part for accepting a nerve is formed only at one end. 

A growth footing and directivity of growth are given to the 
regenerating cell, thereby making it possible to regenerate and 
restore a nerve injured area of interest quickly and surely. 

Further, since the nerve regeneration-inducing tube has a 
definite space part at one end, the end portion of the nerve (central 



nerve) is inserted into the nerve regeneration-inducing tube surely 
and the regeneration direction of the nerve can be induced in the 
inducing tube surely. An outside cell does not permeate from a gap 
in the sutured portion. 

Further, when the nerve regeneration-inducing tube of the 
present invention is used, any inserted portion having a fixed length 
from the end of the tubular structure (A) of the end of the central 
nerve inserted into the space part can be sutured with the tubular 
structure (A) , a suturing operation can be easily performed and 
the nerve can be firmly sutured with the nerve regeneration-inducing 
tube as compared with the prior art. 
[Brief Description of the Drawing] 

[Fig. 1] A sectional view in an axial direction of a nerve 
regeneration-inducing tube of the present invention. 
[Description of Reference Numerals] 

1 tubular structure 

2 collagen fiber bundle 

3 space part 
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[Name of Document] Drawing 
[FIG. 1] 
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[Name of Document] Abstract 
[Summary] 

[Problem] The present invention provides a nerve 

regeneration-inducing tube in which nerve is inserted into a tubular 
structure and can be easily sutured and fixed without resort to 
any special instruments or operations, thereby allowing nerve cells 
to efficiently proliferate and grow in the correct direction. 
[Solving means] The nerve regeneration-inducing tube of the present 
invention includes: a tubular structure (A) made of a biodegradable 
material or a bioabsorbable material and provided inside with a 
matrix (B) having linear nerve-inducing channels and being made 
of a biodegradable material or a bioabsorbable material; and a 
definite space part provided at one end of the tubular structure 
(A) . 

[Selected Drawing] Fig. 1 
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